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ABSTRACT 

This is the first paper in a two-part series 
describing the patterns of inquiry used in ecology. Ecological 
knowledge and research are analyzed in terms of two sets of concepts; 
ecological proble. areas, and principles of biological inquiry. 
Problem areas identified are classification and taxonomy, energetics, 
nutrition and metabolism, genecology, and distribution. It is argued, 
using illustrations from the ecological literature, that different 
problem areas require different data and exhibit different methods 
and techniques. Four principles of biological inquiry are identified: 
the principle of antecedent-^consequent, the principle of 
structure-function, the principle of homeostasis, and the principle 
of regulation. The effects of different principles on the modes of 
inquiry within a problem area are illustrated by comparing ecological 
research which focuses on the individual as the unit (an application 
of the principle of antecedent-consequent) with research that treats 
the community as a unit (using the principle of structure-function). 
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Patterns of Enquiry In Ecology: I. Principles of j 

Biological Enquiry and Problems of Ecological Enquiry. 

F. Michael Connelly 

THE PROBLEM: ITS TERMS AND LIMITS 

Ecology is a science with few established theories and concepts and with 
many seemingly competitive ideas. For the most part enquiry proceeds along 
independent lines without serious debate but, periodically, confrontations 
occur and debate flourishes. There are, for instance, issues of forest 



classification; of the character of vegetation distribution; of the role of 
dominant species in community maintenance; of the conceptual status of the term 
"community;" of the proper object of ecological research; and of population 
control factors. Whether or not apparent differences are raised to the level 
of debate it is often difficult to make sense of the adherents of one line 



of enquiry from anothers vantage point. At first inspection debates often 
seem unresol vabie by further empirical research and arguments appear as if 
different authors were using different languages to investigate the same 
problem : and as if each were unable to understand the language of the other. 
We may, for instance, imagine two protagonists debating whether a lake is 
an unique whole or an open system. 

The overriding intention of this paper is to make sense of diversity in 
ecological enquiry by raising differences to the level of opinion. 



I. This paper is based on a dissertation recently completed at the 
University of Chicago. 
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Differences so seen become matters of assumption, starting point, or initiating 

conception in enquiry. Such an understanding of diversity provides a framework 

for seeing the merits of diverse enquiries and may, thereby, contribute to 

debate. Accordingly, the study on which this paper Is based began with a search for 

the principles which serve as starting points for ecological enquiry. 

Principles of enquiry are the concepts in which any given enquiry has its 

origin as, for example, the concepts of structure and function in biology. 

According to Schwab, principles function in enquiry by providing the terms in 

which problems are formulated; by dictating the data required and, therefore, 

delimiting the procedures necessary to obtain the data; and finally, by providing 

2 

the terms In which data are interpreted and new knowledge formulated. 

Principles exist as a more or less coherent set of terms embedded in the 
literature; In Its problems, its methods. Its conclusions. Its reviews, and 
its resource texts. Accordingly, this study Is based on an analysis of 
several hundred papers published in the journals of plant and animal ecology. 

The analysis was restricted to English speaking journals and, for the most 

part, to literature published since 1900. 

The analysis In terms of principles of enquiry uses two sets of concepts - 
Ecological Problem Area and Principle of Biological Enquiry - for organizing 
the literature. The problem areas are our way of classifying the variety 
of particular problem with which every enquiry begins. Different problem 
areas use different terms for analysing the subject-matter Into parts. Thus, 
one problem uses the term "ecotype" and another problem uses the term "trophic 
level." Accordingly, In the search for principles, these are the most 
visible terms and they allow us to establish a continuity from paper to paper. 




2. Joseph J. Schwab, "What do Scientists do?", Behavlora! Science , V (I960), 
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The principles of biology are the classes of principle used In the 
biological sciences and, of course, represent different kinds of treatment 
of the parts. In the framing of a problem, therefore, we are able to 
distinguish between the parts and their treatment In enquiry. Accordingly, 

In the search for principles, the principle of biology used by any enquiry 
gives the form taken by the ecological principle. The combination of the 
terms of the two sets of organizing concepts gives us the principles and 
patterns of ecological enquiry. 

The paper Is divided Into two parts - Principles of Biological 
Enquiry and Problems of Ecological Enquiry and Principles and Patterns 
of Ecological Enquiry - of which this Is the first. 

ECOLOGICAL PROBLEM AREAS 

The problem area Is our most patent organizer since It Is here that 
terms representative of the principles are clearly visible. Accordingly, 
our first sorting of the literature Is conducted In terms of the problem 
areas. On this basis we find that ecology Is divisible Into five areas, 
classification and taxonomy, energetics, nutrition and metabolism, genecology 
and distribution. Let us define each problem area by specifying the problems 
appropriate to each. 

Classification and Taxonomy 

The problem of ecological classification and taxonomy Is the problem 
of constructing classes for the complexes of organisms occurring together 
on the landscape. Due, perhaps, to the immobility of plants this problem 
area Is more actively pursued by plant ecologists than by animal ecologists. 



Among the major subproblems of ecological classification and taxonomy are 
the following: 

1, Selection of index criteria by which to establish classes. 

The various classification schemes use index criteria ranging from charac- 
teristics of the organisms, to characteristics of the environment, to com- 
binations of both, and include both structural features, such as physi- 
ognomy, and functional features, such as the production to respiration 
ratio, 

2, Determination of the repeatability of ecological units on different 
parts of the landscape. This problem is closely related to problem 3, 

3, Determining whether organisms are distributed discretely or 
continuously on the landscape. 

While ecologists have tried to solve problems I and 2 as if they 
were matters of fact— by arguing from one or ar»other ser of data the 
problems are resolvable solely as matters of principle, since this is the 
only basis on which to select the relevant facts. Furthermore, since 
different men use different principles the choice of principle remains 

a ptoblem. 

4, Grouping classes into hierarchical systems. Both phylogenetic 
and nonphylogenetic systems are found in the I iterature. 

Energetics 

The problem of energetics Is the problem of determining energy 
status and energy change, especially of transformations of potential 
energy in chemical form, for ecological systems and their parts. This 
problem receives attention from both practical and theoretical sides. On 
the practical side ecologists are concerned with land use and comparative 
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crop production. Including such crops as hardwood forests. The term 
"production ecology” Is commonly applied to this side of energetics. On 
the theoretical side many ecologists advance the Idea that a comprehensive 
theory of ecology must be based on energetics. In the present state of the 
field, however, comprehensive theories have advanced so little that most 
of what they might at some future date comprehend is now distributed among 
the other four of our five problem areas. Among the major subproblems of 
energetics are the following: 

1. Determination of the biomass for ecological systems as a whole 
and determination of the distribution of biomass within systems. Since, 

as we later show, there are different ways of conceiving system parts there 
are correspondingly different biomass distributions. 

2. Determination of paths of energy flow to, through and out of 
ecological systems. There are, of course, different conceivable pathways 
depending on the parts employed by the principle in question. 

3. Determination of energy balance and energy efficiencies for 
systems as a whole and for their various parts. In addition to the mul- 
tiplicity introduced by there being different conceivable parts and, 
therefore, different conceivable pathways there are, for a given set of 
parts, different kinds of calculable efficiencies. 

Nutrition and Metabolism 

The problem of nutrition and metabolism is the problem of deter- 
mining the nutritional status and nutritional change for ecological sys- 
tems and their parts. While the form of this problem is the same as that 
for energetics the two problem areas have different histories of enquiry. 
Much of the early research in ecology was in the area of nutrition and 
metabolism and tended to be conducted In terms of minimally complex prin- 
ciples. Thus we see papers of the sort, "Jhe effect of low calcium levels 



O'* species X." Energetics, on the other hand. Is a relatively recent 
ecological problem and tends to be guided by more complex principles. 

In addition to the historical differences the two problem areas 
are treated In most papers as having quite different' boundaries In enquiry. 
This can be seen by comparing the list of problems for each area. As 
might be expected, much nutritional enquiry takes the environment as Its 
starting point. Conversely, very little research of the kind we are 
classifying under energetics takes account of the environment as other 
than a source of energy Input to ecological systems. These differences 
reflect different foci In enquiry, and not differences In the proper 
boundaries of the two problem areas. Among the major subproblems of 
nutrition and metabolism are the following: 

1, Determining and accounting for correlations between the loca- 
tion of organisms or ecological systems on the landscape and nutritional 
factors at those sites. 

2, Determination of the nutritional requirements and tolerance 
range of species. As we later point out, the species Is only one kind of 
part conceived for use In the analysis of ecological systems. However, 
we find few papers written In terms other than those of Individuals or 
species. 

3, Determination of pathways of nutrient flow through ecological 
systems Including what Is commonly called "blogeochemica I cycles." In 
our enquiry we do not Include the problem of determining blogeochemica I 
cycles for the biosphere as a whole. There are, of course, reports In 
the literature of this sort. 
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Geneco I ogy 

Genecology is here d i st i ngu i shed from classical and population 
genetics on the grounds of its concern for genetic relationships between 
groups of organisms and their environment. Classical genetics focuses on 
the individual and emphasizes particular traits while population genetics 
focuses on the organisms themselves and not on the relationship between 
organism and environment. In general, population genetics deals with a 
symbolic expression of gene frequencies In groups treated as formal enti- 
tles. Genecology, on the other hand, is more concerned to identify par- 
ticular groups and to take account of their distribution in time and 
space. This concern points to one of the inadequacies of our classification 
scheme of problems since genecology might well be classified as a subhead 
of classification and taxonomy. However, since many studies are concerned 
with establishing taxonomy as a ground for other research while another 
group of studies are concerned with phylogenetic problems in their own 
right, we retain the distinction and include the latter under genecology. 

In general, studies in genecology as we have defined it deal with 
single species. Only a small number of studies attempt to analyze the 
genecological structure of communities of species. Among the major sub- 
problems of genecology are the following: 

I. Determination of infraspecific phenotypic variation on the landscape 
and determination of the degree to which this variation is due 
to phenotypic plasticity of given genotypes and the degree to which it Is 
due to different genotypes. 



2, Determination of the distribution of genotypes with respect 
to variations In the environment, 

3, Determining whether the genetic units (ecotypes) vary con- 
tinuously or discretely on the landscape. This problem is formally similar 
to the third problem- of classification and taxonomy, 

4, Determination of the genetic relationships among ecotypes, 

5, Determination of the processes and mechanisms by which eco- 
typic variants arise given variable environments and common gene sources. 

Distribution 

The problem of distribution is that o^' developing accounts of the 
kinds, numbers and distribution of organisms on the landscape. Among the 
major subproblems of distribution are the following; 

1, Determination of population growth patterns and age structures 
under varying environmental conditions, including other organisms, 

2, Determination of the controls of population growth patterns, 

3, Developing biotic and environmental accounts of the temporal 
distribution of kinds and numbers of organisms. 

4, Developing biotic and environmental accounts of the spatial 
relationships among organisms of a single species and between organisms 
of different species. 

Since problems stem from principles, and incorporate the prin- 
ciples In the terms of the problem, they radically affect the way In which 
a subject-matter common to them all is viewed. For examole. In classifl- 

I 

cation and taxonomy, climax types, pattern and fidelity are some of the 
terms brought to bear on the subject-matter. For energetics, on the other 
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hand, trophic level, food chain, food pyramid, and pyramid of numbers are 
the operative terms, In nutrition and metabolism, blogeochemlcal cycle, 
tolerance, and nutritional requirement are, of course, a few of the terms 
of reference. For genecology, familiar terms Include ecotype, selection, 
migration, and gene frequency and, for distribution we obviously speak of 
population, growth rate, density and distribution. 

The effect of these terms on the subject-matter of enquiry is 
easily seen in the way each set of terms discriminates a different set of 
parts In the common subject-matter. To Illustrate, In classification and 
taxonomy. Individuals, species, synusla, and homogeneous association are 
some of the significant parts discriminated. In energetics, trophic levels, 
links In a food chain, producer, consumer# and decomposer may, each In Its 
place, be called upon to serve the role of part. For nutrition and metabo- 
lism, Individuals and nutrients, parts of Individuals such as roots, trunk, 
leaves and, where studies parallel those In energetics, trophic levels, 
may each serve as parts. In genecology, species and ecotypes serve as 
parts, and. In distribution. Individuals, species or two or more species 
treated as a unit, may play the role of part. 

Patterns of Enquiry According to Problem Area 
We have seen that the problem areas consist of a number of different 
kinds of parts. This means that the problem areas are, at least partially, 
specified by their parts and the principles that determine them. Furthermore, 
It means that the problem areas, to a certain degree, require different 
data and exhibit different methods and techniques. As an example let us 
contrast certain cases in distribution with others in genecology, (We 
shall take as given the role of principles In determining the Initial 
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choice of what landscape is worth sampling, the choice of its boundaries, 
and whether It Is to be treated as an interacting system or merely as a 
tpurlous assortment of species.) 

Ill the problem of distribution it is necessary to obtain data with 

respect to kinds and frenquency of species present, their spatial i relation- 
ships to one another and to the environment, and the extent of their dis- 
tribution. One method of Obtaining these data is by (^ad rats sampling of 
the landscape. (Quadrats are defined, localized spaces on the landscape.) 
Organisms falling within the quadrat are classified, counted and their 
positions noted. A paper by Ramsey and Deleeuw^ will illustrate our point. 
In our excerpt from it we see the problem of the paper and the resultant 
use of quadrats; the counting and identification of included species; and 
an explanation of why their sampling method is random. The problem 
Is set forth as follows: 

The value of vegetation recording In soil-survey operations in Northern 
Nigeria has long been recognized, and the making of routine vegetation 
records along soil survey traverses has been a feature of reconnais- 
sance soil surveying in this region. . . . Since 1957/38 the Soil Sur- 
vey of Northern Nigeria has been carrying out a reconnaissance survey 
of the Middle Gonbola valley. . . . 

Their methods are described as follows: 

Because of a limited time and access route random sampling over the 
whole area could not be undertaken. On areal photographs at scale 
1:30,000 the different soil associations were identified and demar- 
kated and within each such unit sampling of the different vegetation 
patterns was undertaken. It was laid down that every pattern should 
be sampled and that the sample areas should be as representative as 
possible of a homogeneous site class. . . . Plots (quadrats) were laid 
out in the form of a rectangle NO x 22 yd. (100.5-20 m), using rang- 
ing poles for demarkation, an optical square for right angles and 
a measuring wheel for distances. All arboreal vegetation wss recorded 
by diameter class, each species separately. . . . For e^ch plot the 
number of individuals of each species was totalled. . . 



3« D.M. Ramsey and P.N. Oeleeuw, "An Analysis of Nigerian Savanna: 
I, The Survey Area and the Vegetation Developed over Bima Sandstone, 

Journal of Ecology. Lll (1964), 233-54. 
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4. Ibid., p. 239 



5. Ibid ., pp. 233-34. 
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In genecology, which also contains a problem of Identification, the 
ecologist must determine whether two populations do. In fact, represent 
two ecotypes. It may be that phenotypic differences merely reflect pheno- 
typic plasticity. In order to obtain data, reciprocal transplantation of 
representative members of the two populations Is required. By comparison 
of transplant phenotypes with their new neighbors and with their parent 
populations, differences in the two populations may be attributed to the 
plastic expre«islon of a single genotype subjected to variable circumstances. 

In either case the Initial problem Is settled, and by markedly different methods 
from those outlined for classification. 

We see the method of reciprocal transplant in genecology Illustrated 
In a paper by McMillan. He states his problem and demonstrates the necessity 
of the method In the following; 

The grassland capmunity Is an Ideal experimental unit. . . . In two 
previous studies of the fundamental ecological unit, transolanting of 
members to a uniform garden proved helpful in understanding behavior 
within grassland communities. ... A community from the loess hills 
... was selected for comoarison with one in the sand hills. ... 

The two communities* sites have obvious soil and climatic differences. 
However, they contain a surprisingly similar list of species. . . . 

In the present evaluation, the separation of habitat effects from 
genetic controls within the comgunity is approached by the reciprocal 
transplanting of members. . . . 

The reciprocal transplant method Is now described: 

Ten clones of each of the nine taxa were removed from the Lincoln 
community site. . . . Each clone was divided and tagged so the two 
pieces could be placed in a uniform garden at Lincoln and two pieces 
could be taken to a uniform garden at Halsey. . • • Halsey clones 
H 0 P 0 collected and divided In a uniform ■ jshlon similar to that used 
at Lincoln. Following the planting of Halsey material, tagged ^lonal 
pieces were taken to Lincoln for garden and greenhouse studies. 



6. C. McMillan, **Nature of the Plant Community: III. Flowering Behavior 

Within Two Grassland Communities Under Reciprocal Transolanting,** American 
Journal of Botany, XL IV (1957), p. 144. 




7. Ibid ., p. 145. 



